Community-acquired pneumonia (CAP) is a common and serious cause of hospitalization in children, accounting for .150 000 hospitalizations each year in the United States. 1 CAP ranks second in standardized cumulative cost for the most common inpatient pediatric diagnoses. 2 Although Streptococcus pneumoniae remains the most likely bacterial cause of CAP, in the clinical setting it is uncommon to identify a specific pathogen. Uncertainty about the causative bacterium and its antimicrobial susceptibility pattern contributes to the use of empiric broad-spectrum antibiotics such as third-generation cephalosporins. 3, 4 In 2011, the Pediatric Infectious Diseases Society (PIDS) and the Infectious Diseases Society of America (IDSA) published a guideline for the treatment of children with CAP. 5 The guideline was created to reduce unwarranted variation in the treatment of children with CAP and to improve their clinical outcomes. The PIDS/IDSA guideline recommended the empiric use of narrow-spectrum coverage with ampicillin or penicillin G for children hospitalized with uncomplicated CAP. Although some studies suggest that penicillins are as effective as broad-spectrum antibiotics for empiric treatment of CAP due to S pneumoniae, few studies have directly compared the 2 regimens. 4, [6] [7] [8] Evidence showing the effectiveness of narrow-spectrum antibiotic therapy has the potential to improve adherence to the national guideline and minimize the development of bacterial resistance. The objective of this study was to compare the effectiveness of empiric therapy with narrowspectrum antibiotics with empiric therapy with broad-spectrum antibiotics in children hospitalized with uncomplicated CAP.
METHODS Study Design, Data Source, and Study Population
Thismulticenter retrospectivestudy was nested within a cohort of patients from a study to validate International Classification of Diseases, Ninth Revision, Clinical Modification, diagnostic codes for CAP. 9 We used the Pediatric Health Information System (PHIS; Children' s Hospital Association, Overland Park, KS) to identify children discharged with a diagnosis of CAP from 4 freestanding children' s hospitals (Monroe Carell Jr Children' s Hospital at Vanderbilt, Nashville, TN; Children' s Mercy Hospitals and Clinics, Kansas City, MO; Seattle Children' s Hospital, Seattle, WA; and Cincinnati Children' s Hospital Medical Center, Cincinnati, OH). The institutional review board at each hospital approved the study.
Children who were 60 days to 18 years of age with a discharge diagnosis of pneumonia at a participating hospital between January 1, 2010, and December 31, 2010, were eligible for inclusion. A random subset of discharges was selected formedical record reviewto verify the diagnosis of CAP as previously described (n = 785). 9 The medical records of children meeting the following definition of CAP were then reviewed to obtain data on presenting signs and symptoms, results of laboratory and radiologic studies, and hospital course: (1) provider diagnosis of pneumonia within the first 48 hours of hospitalization (mention of suspected CAP along with consistent management strategy), (2) fever within first 48 hours of admission or abnormal white blood cell (WBC) count, (3) evidence of respiratory illness (eg, cough or increased work of breathing), and (4) chest radiograph indicating pneumonia (eg, infiltrate or consolidation).
Children with chronic conditions predisposing to severe, recurrent, or health care-associated pneumonia were excluded with the use of a previously described classification scheme 10 (Fig 1) . We excluded children with complicated pneumonia (n = 113) and children who required intensive care within 2 calendar days of hospitalization (n = 70) because broad antimicrobial coverage is usually indicated in this population. Complicated pneumonia was defined as an imaging study indicating moderate to large pleural effusion, lung abscess or necrosis, or bronchopleural fistula or if there was a billing code for a pleural fluid drainage procedure. 11 We also excluded patients who received staphylococcal coverage (n = 34), macrolide monotherapy (n = 33), or antibiotics not typically used to treat CAP (eg, carbapenem, nitrofurantoin, and gentamicin) (n = 5). Finally, we excluded children if they did not receive antibiotic therapy within the first 2 days of hospitalization or who received only 1 day of antibiotic therapy (n = 38).
Measured Outcomes
Main outcomes included hospital length of stay (LOS) measured in hours, readmission within 7 days of index hospitalization, durations of fever and supplemental oxygen use, and daily standardized pharmacy and overall cost. Duration of fever was defined as the time in hours from emergency department arrival to the time of last recorded fever. For patients receiving supplemental oxygen, the duration of supplemental oxygen was defined as the time in hours from emergency department arrival to the time oxygen was permanently discontinued. To use hospital costs as a marker of resource utilization, we used a previously described method to standardize the cost of individual items to remove the high interhospital variation in item costs. 2 We modeled cost outcomes by mean LOS because room charges are a major driver of cost. Because more patients in the broad-spectrum group also received macrolide therapy, which could potentially drive pharmacy costs, we performed a sensitivity analysis that excluded patients in each group receiving macrolide therapy.
Measured Exposures
The main exposure of interest was initial antibiotic therapy, which included antibiotics administered before arrival to the hospital and antibiotics administered within the first 2 days of hospitalization. A minimum of 2 days of antibiotic therapy was requiredfor study inclusion. We determined exposure to antibiotics before hospital arrival by medical record review and included antibiotics administered by any route. Antibiotics administered during the first 2 days of hospitalization were collected from the PHIS database. Prehospital antibiotics could account for no more than 1 day out of the 2 minimum days of therapy. All antibiotic exposure was classified as narrow or broad. We defined narrow-spectrum therapy as use of ampicillin, penicillin, or amoxicillin/clavulanic acid, with or without macrolide therapy. We defined broad-spectrum therapy as use of a second-or third-generation cephalosporin or fluoroquinolone, with or without macrolide therapy.
Covariates
Patient demographic characteristics were obtained from the PHIS database. A concomitant diagnosis of asthma was determined from the International Classification of Diseases, Ninth Revision, Clinical Modification, discharge codes for asthma or reactive airway disease. A concomitant diagnosis of bronchiolitis or viral infection was determined from either a discharge diagnosis code for bronchiolitis or viral lower respiratory infection or a positive test for a respiratory virus. Blood culture testing was determined from the PHIS database and culture results from chart review. Fever was defined as a temperature $38°C within first 48 hours of admission. Tachypnea was defined as a respiratory rate $90th percentile for age. 12 An abnormal WBC count was defined as ,5000 or .15 000 cells per mL.
Analysis
A propensity score was used to account for potential confounding by observed baseline covariates. We constructed propensity scores by using multivariable logistic regression to assess the likelihood of exposure to narrowspectrum therapy because physicians may be less likely to prescribe narrowspectrum antibiotics for patients who are more ill-appearing or who have persistent symptoms after taking outpatient antibiotics. Variables used to develop the propensity score included age, gender, race/ethnicity, payor, concurrent diagnosis of asthma or reactive airway disease, clinical characteristics upon presentation (eg, fever and tachypnea), exposure to previous antibiotic therapy, atypical antibiotic therapy, diagnosis of viral lower respiratory tract infection, admission to the ICU after the second day of hospitalization (n = 3), blood culture testing, positive blood culture result, abnormal WBC count, and baseline hospital-level cephalosporin use. Certain variables such as tachycardia, hypotension, and mental status change at the time of admission were not included because these events were not frequent enough in the 2 exposure groups to achieve convergence of the logistic regression for the propensity score. The model' s calculated C statistic was 0.70, indicating that the model provided a better estimate than expected by chance alone (ie, if the C statistic was equal to 0.5) but remained in a range indicating that there was overlapping propensity score distributions between the treatment groups. 13 Narrow-and broad-spectrum recipients were matched on propensity score with the use of nearest-neighbor matching with a caliper set at one-quarter of the SD of the logit of the propensity scores. 14 Because LOS, duration of fever, and duration of oxygen were not normally distributed, we log-transformed the data before modeling. We used linear mixed models with the hospital as a random effect and back-transformed the results onto the original scale. The analyses also accounted for the clustering of patients within hospital. All analyses were performed with SAS version 9.2 (SAS Institute, Cary, NC), and P values ,0.05 were considered statistically significant.
RESULTS
A total of 492 patients with CAP were included in the study: 256 (52%) received a narrow-spectrum antibiotic and 236 (48%) received a broadspectrum antibiotic (Table 1) . Before matching, there were no differences between the 2 groups in age, gender, race, insurance type, asthma, reactive airway disease, or viral lower respiratory tract infection. However, patients in the narrow-spectrum antibiotic group were more likely to be 60 days to 2 years of age (44.1% vs 39.8%; P = .02) or have an abnormal WBC (41.0% vs 31.4%; P = .03). Patients in the broad-spectrum antibiotic group were more likely to receive antibiotics before hospital arrival (30.5% vs 18.4%; Table 3 ). The finding of a shorter LOS persisted in the adjusted analysis using propensity scores: the narrowspectrum group had a 10-hour shorter LOS (P = .04). However, there was no significant difference in duration of oxygen, duration of fever, or readmission rate within 7 days (Table 2 ).
In the standardized cost analysis, the unadjusted cost was higher in the broad-spectrum group ($4704 vs $3933; P = .04). However, in the adjusted analysis modeled for LOS, there was no difference in average daily standardized cost (P = .62) or average daily standardized pharmacy cost (P = .26) ( Table 2 ). In the subanalysis excluding patients who received macrolide therapy, there was still no difference in daily charges in the terms of average daily standardized cost (P = .48) or average daily standardized pharmacy cost (P = .32).
DISCUSSION
We compared empiric narrow-spectrum therapy to broad-spectrum therapy for children hospitalized with uncomplicated CAP during the era of conjugate pneumococcal vaccination.
In this multicenter study, we found that the narrow-spectrum therapy was not inferior to broad-spectrum antibiotics in all measured outcomes including LOS, duration of oxygen, duration of fever, daily standardized pharmacy and overall costs, or readmission rates within 7 days. The results of this study support the recently published PIDS/ IDSA guideline, which recommends the empiric use of aminopenicillins in CAP of hospitalized pediatric patients.
In our study, only 33% of all patients with CAP received the recommended therapy with a narrow-spectrum penicillin or aminopenicillin. Broad-spectrum cephalosporins were the most commonly prescribed antibiotics, but they were used with substantial variability across the 4 participating hospitals. These findings are consistent with previous studies and indicate that physicians and some hospitals have yet to reliably change their practice. In 1 multicenter study of CAP, rates of ampicillin use at tertiary care children' s hospitals were as low as 5.5%. 15 In another multicenter study, Ambroggio et al 4 reported use of broad-spectrum therapy in up to 93% of children hospitalized for CAP across 33 children' s hospitals. Even among pediatric infectious disease physicians, there is considerable variation in empiric prescribing patterns, with only 21% recommending ampicillin or ampicillin/sulbactam alone for uncomplicated CAP. 16 Adherence to recommended empiric antibiotics should be closely monitored as an indicator of quality and implementation efforts sought at local and national levels, especially with this new evidence to support recent PIDS/IDSA recommendations.
We found that narrow-spectrum penicillins were not inferior to broad-spectrum antibiotics across 4 freestanding children' s hospitals. Although the PIDS/IDSA CAP guideline noted that the cost of ampicillin and penicillin is less than that of other broad-spectrum agents, the utilization of hospital resources and overall costs of administration may be greater due to differences in dosing. 5, 17 However, when we analyzed standardized pharmacy charges, accounting for the impact of LOS, we found no significant Data are least-squares means (95% CI) unless otherwise indicated and were adjusted for age, gender, race, government insurance, concurrent diagnosis of asthma or reactive airway disease, previous antibiotic therapy, atypical antibiotic therapy, presence of effusion on chest radiograph, diagnosis of viral lower respiratory tract infection, admission to the ICU, blood culture utilization, presence of a positive blood culture, baseline hospital rates for cephalosporin use, tachypnea, fever, and abnormal WBC. a Data are adjusted odds ratios (95% CI) for broad-spectrum/penicillin therapy. difference between the 2 groups. This finding reveals that narrow-spectrum antibiotics are not only as clinically effective as broader coverage but, for the 4 hospitals in this study, they are also similar in cost.
There exist many reasons to preferentially use penicillins as first-line antibiotic therapy for CAP. First, penicillins provide appropriate coverage for the most prominent pathogen, S pneumoniae. 5, 18 Second, treatment of patients with non-central nervous system penicillin-resistant pneumococcal infections with penicillins has not been associated with treatment failures. These findings are consistent with in vitro data demonstrating bactericidal activity of penicillins at relatively low concentrations relative to the minimum inhibitory concentrations of pneumococcus. 19, 20 As a consequence, different breakpoints are used to determine pneumococcal susceptibility for infections outside of the central nervous system. 21 Finally, the use of broad-spectrum antibiotics has been shown to increase the risk of developing subsequent infections with resistant organisms. In 2007, the IDSA noted that given the emergence of multiresistant organisms, appropriate use of antimicrobial agents has become a focus of patient safety and quality assurance. 17 This study has several limitations. First, residual confounding may persist. The clinical impression and subsequent choice of empiric antibiotic therapy are influenced by many factors and we cannot be entirely certain that the impression was adequately accounted for by the propensity score. Nonetheless, outcomes of children receiving narrow-spectrum therapy were excellent and comparable to those in children receiving broadspectrum antibiotics. Second, previous antibiotic exposure may influence empiric prescribing behavior. Although we included previous antibiotic exposure documented in the medical record, we cannot be entirely certain that it was consistently documented. Third, this study focused on the most common empiric antibiotic regimens for CAP. We did not evaluate patients receiving multiple antibiotics or antibiotics other than those included in our study (eg, targeted staphylococcal therapy). Finally, readmission was uncommon and our study does not have adequate power to detect small but potentially important differences in readmission rates.
Comparative effectiveness studies can be used to support consensus recommendations, especially when randomized controlled studies are costly or infeasible. Our study contributes to a growing body of evidence and consensus that broad-spectrum therapy is not needed in uncomplicated CAP and patients can be safely treated with narrow-spectrum antibiotics.
